In contour integration, increased difficulty in detection and shape discrimination of a chain of parallel elements (a ladder contour) compared to collinear elements (a snake contour) suggests more extensive processing of ladders than of snakes. In addition, conceptual similarities between ladders and textures -which also involve grouping of parallel elements -raises the question whether ladder and texture processing requires feedback from higher visual areas while snakes are processed in a fast feedforward sweep. We tested this in a response priming paradigm, where participants responded as quickly and accurately as possible to the orientation of a diagonal contour in a Gabor array (target). The diagonal was defined either by a snake, ladder, texture, or a continuous line. The target was preceded with varying stimulus onset asynchrony (SOA) by a prime that was either a snake, ladder, or texture, and was consistent or inconsistent to the response demands of the target. Resulting priming effects clearly distinguished between processing of snakes, ladders, and textures. Effects generally increased with SOA but were stronger for snakes and textures compared to ladders. Importantly, only priming effects for snakes were fully present already in the fastest response times, in accordance with a simple feedforward processing model. We conclude that snakes, ladders, and textures do not share similar processing characteristics, with snakes exhibiting a pronounced processing advantage.
1. Introduction
General
Organizing a visual scene in coherent perceptual units requires perceptual grouping, that is the combination of elements in meaningful configurations. In contour integration, elements are grouped according to the Gestalt principle of collinearity. In 'snake' contours the orientations of contour elements are aligned along a smooth path, while the orientations of background elements are kept random. Alternatively, in 'ladder' contours the element orientations are orthogonal to the path of the contour. Finally, in texture segregation, regions differing in texture (e.g., based on orientation discontinuities of texture elements) are segregated from each other and as a result they give rise to a percept of distinct texture regions (Landy, 1996) .
Processing of snakes, ladders, and textures
With respect to snake contours, long-range horizontal connections between neurons in V1 have been proposed as the primary processing stage (for reviews see Hess, Hayes, & Field, 2003; Hess, May, & Dumoulin, 2014; Li, 1998) . Intact contour integration of snakes in patients with high level lesions in temporal and parietal areas (Giersch et al., 2000; Vancleef, Wagemans, & Humphreys, 2013) suggests that higher visual areas are not crucial to perceive snake contours. Taken together these observations suggest a predominant feedforward processing of snake contours with a very restricted role of higher visual areas.
With respect to ladder contours, it has been suggested that they are integrated by weak orthogonal horizontal connections (Bosking et al., 1997) or inhibitory transaxional connections (Ledgeway, Hess, & Geisler, 2005) in early visual areas. Furthermore, longer processing time in high level shape encoding of ladders compared to snakes suggests a more prominent role for high level visual areas in ladder processing than in snake processing.
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With respect to textures, visual area V4 has been pointed to as a potential area for texture segregation (El-Shamayleh & Movshon, 2011 ) that receives input from V1 (e.g., Lamme, Van Dijk, & Spekreijse, 1992; Nothdurft, Gallant, & Van Essen, 2000 ) and sends information to higher level areas LOC (Appelbaum, Ales, & Norcia, 2012) and TEO (Kastner, De Weerd, & Ungerleider, 2000) . Also, there is evidence for feedback from these higher level visual areas to lower visual areas (Romani et al., 2003; Scholte et al., 2006) . Thus, texture segregation seems to be mediated by a dynamic interplay between visual areas, involving feedback from higher to lower visual areas.
Furthermore, Hess, Hayes, and Field (2003) and Ledgeway, Hess, and Geisler (2005) pointed to a conceptual link between ladder contours and textures: aligned segments in natural images (which correspond to snakes) are primary indicative of object contours, while the parallel segments (which correspond to ladders) are more likely indicators of object regions. Since the region of an object is often filled with a texture, parallel segments (or ladders) correspond to the parallel edges of a texture. On the other hand, ladder contours can imply arrays of collinear terminators like in illusory contours formed by offset gratings and the Ehrenstein illusion (e.g., Seydell-Greenwald & Schmidt, 2012) . These observations raise the question whether feedback from higher visual areas is essential not only for processing of textures but also for that of ladder contours.
Taken together, the current evidence points to (1) a processing of snake contours based on horizontal connections in early visual areas, possibly within a fast feedforward sweep, and to (2) a processing of ladder contours and textures with involvement of higher visual areas, possibly relying on feedback from those areas to the primary visual cortex.
Analyzing processing characteristics of contour integration and texture segregation
The response priming paradigm is suited to investigate temporally early phases of visual processing (Neumann & Klotz, 1994; Vorberg et al., 2003) and can be specifically used to test whether visual processing is in accordance with a simple feedforward model or not Schmidt, Niehaus, & Nagel, 2006) .
In a typical response priming task, participants classify a target stimulus as quickly and accurately as possible. The target is preceded by a prime stimulus that is either mapped to the same response as the target (consistent) or to the alternative response (inconsistent). Typically, in consistent configurations response times are faster and error rates lower compared to inconsistent configurations (response priming effect).
Response priming effects can be analyzed by taking the vantage point of the rapid-chase theory of response priming (Schmidt, Niehaus, & Nagel, 2006; . The theory distinguishes between visual rapid-chase processing that is in accordance with a feedforward model and visual processing that is not. In rapid-chase processing, prime and target signals elicit feedforward sweeps of neuronal activation that traverse the visuomotor system in strict sequence, without any temporal overlap ; for formal models see Mattler & Palmer, 2012; Schmidt, Weber, & Schmidt, 2013; Vorberg et al., 2003) .
Specifically, the response priming paradigm allows to test whether different processes of grouping are in accordance with a feedforward processing model (cf. base grouping) or not (incremental grouping; Roelfsema, 2006; Roelfsema & Houtkamp, 2011) . Here, we use this approach to investigate and compare the processing of snake, ladder, and texture Gabor stimuli (cf. .
In addition, a prime identification task with the same stimulus presentation procedure will inform us about visibility of the primes in consistent and inconsistent trials and confirm earlier findings on detection and discrimination differences between snake and ladder contours and between snake contours and textures (Vancleef, Wagemans, & Humphreys, 2013) .
The rapid-chase theory makes strong predictions for priming effects in response times. Specifically, priming effects should increase with stimulus onset asynchrony (SOA) between prime and target (Vorberg et al., 2003) and be at least as large in the fastest responses compared to in slower responses (Schmidt & Schmidt, 2014; Seydell-Greenwald & Schmidt, 2012) . Based on previous studies, we expected that only priming effects induced by snake contours would be in accordance with a simple feedforward processing model (i.e., would increase with SOA and would be fully present in the fastest responses). Priming effects induced by ladder and texture stimuli, on the other hand, would not be in accordance with a feedforward model as defined by the rapid-chase theory.
Experiment

General
Our experimental paradigm is similar to that used by SeydellGreenwald and Schmidt (2012) to investigate the processing of illusory contours. Participants were asked to respond as quickly and accurately as possible to the orientation of a diagonal contour with upward or downward slope in an array of Gabor elements (target). The diagonal contour was defined either by a continuous line or emerged from the orientation of Gabor elements (snake, ladder, or texture). The target was preceded at varying SOAs by a snake, ladder, or texture prime that was either consistent or inconsistent with respect to the orientation of the diagonal (Fig. 1, upper  panel) . By comparing the priming effects induced by the different primes, as well as the effects' time courses, we can test whether primes are processed in accordance with a simple feedforward model of processing. In a subsequent prime identification task, participants were asked to report as accurately as possible the orientation of the diagonal in the prime. By comparing the prime identification performance for the different primes, we can test earlier results on different detection performance for these stimuli when masked .
Methods
Participants
Eight right-handed students from the University of Kaiserslautern, Germany (5 female, 3 male, ages 20-24), with normal or corrected vision participated in the experiment for payment of € 6 per hour. Participants were debriefed after the final session and received an explanation of the experiment. All of them gave informed consent in accordance with the Declaration of Helsinki and were treated in accordance with the ethical guidelines of the American Psychological Association.
Apparatus and stimuli
The participants were seated in a dimly lit room in front of a color monitor (1280 Â 1024 pixels) with a monitor retrace rate of 85 Hz at a viewing distance of approximately 70 cm.
Stimuli consisted of arrays of small Gabor elements placed on a uniform gray background. The Gabor elements were even-symmetric and constructed by multiplying a cosine luminance grating (spatial frequency of 3.6 cycles per degree) with a circular Gaussian (standard deviation of 2.5 pixels). The elements were placed at quasi random positions in the display restricted by a minimal inter-element distance of about 0.27°. Manipulating the orientation and size of the elements resulted in four classes of stimuli: (1) snakes, (2) ladders, (3) textures, and (4) continuous lines (Fig. 1, lower panel) . In the snakes and ladders the orientation of the background elements was random, while elements at the contour had an orientation parallel (for snakes) or orthogonal (for ladders) to the contour path. Textures consisted of two areas with element orientations of 0°in one area and with element orientations of 90°in the other area. This manipulation resulted in two different homogeneous regions segregated by local orientation discontinuities at the edge. In the continuous line, stimulus background elements had a random orientation and the contour was represented by one large Gabor element. This element was generated by multiplying a cosine luminance grating with an elliptic Gaussian with a standard deviation of 2.5 pixels in one direction and a standard deviation of 70 pixels in the other direction resulting in a continuous contour covering the diagonal of the stimulus display. All stimuli were generated with the Grouping Elements Rendering Toolbox (GERT; Demeyer & Machilsen, 2012) for MATLAB (Mathworks) and had an aspect ratio of 1:1 (4.41°Â 4.41°of visual angle; 1 cm % 0.82°of visual angle). Primes were presented at the center of the screen, targets were presented offset by 0.88°above or below the center. In this way, we aimed to reduce a local focus of attention and the influence of a potential after-effect of the prime on target performance while avoiding that the stimulus falls in peripheral vision.
Procedure
Each participant performed two sessions of a target identification task (priming task), followed by one session of a prime identification task.
2.2.3.1. Target identification task. The experimental procedure is depicted in Fig. 1 (upper panel) . Each trial started with the central fixation point. After a varying delay (duration depending on SOA), a prime was displayed for 12 ms in the center of the screen. Subsequently, a target was presented slightly offset above or below the center at prime-target SOAs of 12, 60, or 84 ms, overlapping the prime. Participants had to decide as quickly and accurately as possible whether the diagonal contour in the target had an increasing or decreasing slope by pressing a right or left button (reversed for half of the participants). The target remained on screen until response. In each trial, the prime was either consistent or inconsistent with the target with respect to the orientation of the diagonal and thereby the required motor response.
In each trial, the prime was picked pseudo-randomly from the class of snakes, ladders, or textures (counterbalanced for the different conditions). The target was picked either from the same stimulus class, or from the class of continuous lines, yielding six possible combinations of prime and target classes (snakes-snakes, laddersladders, textures-textures, snakes-continuous lines, ladders-continuous lines, textures-continuous lines). These six combinations occurred together with combinations of consistency and primetarget SOA equiprobably and pseudo-randomly in a completely crossed repeated-measures design.
The time interval from trial start to target onset was constant at 1000 ms to allow for an optimal preparation for each response to the target. Participants performed two one-hour sessions, each consisting of a practice block of 36 trials followed by 40 experimental blocks of 36 trials (a total of 2880 trials per participant). After each block, summary feedback was provided on response times and error rates.
Prime identification task.
The experimental procedure was the same as that of the target identification task except that participants were instructed to decide as accurately as possible whether the diagonal in the prime had an increasing or decreasing slope (no time pressure). Participants performed one one-hour session, consisting of a practice block followed by 40 blocks of 36 trials (a total of 1440 trials per participant). After each trial, acoustic feedback was provided on the correctness of the response, and after each block, summary feedback was provided on the error rates.
2.2.4. Data treatment and statistical methods 2.2.4.1. Target identification task. Practice blocks were not analyzed and trials were eliminated if response times were shorter than 100 ms or longer than 1000 ms (0.15% of trials). Note that response time distributions were analyzed based on raw response times. Repeated-measures analyses of variance (ANOVAs) were performed with Huynh-Feldt-corrected p values with factors of prime-target combination (PT), consistency (C), and prime-target SOA (S). We report significant F values only, with subscripts indicating the respective effect (e.g., F CÂS for the interaction of consistency and prime-target SOA). Erroneous trials were not included in the response time analysis but error rates were subjected to separate ANOVAs. For this purpose, all error rates were arcsine-transformed to comply with ANOVA requirements. Overall error rate was 8.30% of trials.
The practice block was not analyzed and trials were eliminated if response times were shorter than 100 ms after prime presentation, excluding 3.35% of trials. An ANOVA was performed with Huynh-Feldt-corrected p values with factors of prime-target combination (PT), consistency (C), and prime-target SOA (S). All error rates were arcsine-transformed to comply with ANOVA requirements.
Results and discussion
Target identification task: priming effects
We started by separately analyzing those combinations with primes and targets from the same stimulus class and those with continuous line targets. In this way, we could specifically test whether different primes produced different priming effectseither with targets of the same class or with continuous line targets for all primes (Fig. 2, Table 1 ).
For primes and targets from the same stimulus class, consistent primes produced faster responses and lower error rates compared to inconsistent primes (priming effect) [F C (1, 7) = 84.68, p < .001; F C (1, 7) = 47.79, p < .001, respectively] (Fig. 2, upper panels) . Note that errors in inconsistent trials represent motor responses that are misled by the conflicting prime information (e.g., Schmidt, Niehaus, & Nagel, 2006) . These response priming effects increased with SOA [F CÂS (2, 14) = 72.14, p < .001; F CÂS (2, 14) = 26.64, p < .001], replicating the standard findings from earlier experiments (cf., Vorberg et al., 2003) . Priming effects in error rates, as in response times, increase with prime-target SOA because the prime signal has more time to influence the response before the target signal becomes effective (cf. Vorberg et al., 2003) .
Importantly, the priming effects in response times were of different magnitude for different primes: snakes = textures > ladders [F PTÂC (2, 14) (2, 14) = 6.91, p = .010; snakes vs. ladders: F PT (1, 7) = 8.58, p = .022; snakes vs. textures: F PT (1, 7) = 7.12, p = .032]. These results illustrate the relative ease with which each class of targets was processed (cf. .
For continuous line targets, the results were similar (Fig. 2,  lower Overall response times were again different for the different prime-target combinations: textures = ladders < snakes [F PT (2, 14) = 7.82, p = .007; snakes vs. ladders: F PT (1, 7) = 11.54, p = .011; snakes vs. textures: F PT (1, 7) = 13.30, p = .008]. Note that although responses for snake primes were slower than those for textures and ladders (which were of similar speed), this effect was numerically small (<6.5 ms) and driven by the slower responses in inconsistent trials (cf. Fig. 2 ). This was confirmed by analyses showing that response times for snake primes were faster in consistent trials [F(2, 14) = 23.56, p < .001] but slower in inconsistent trials [F(2, 14) = 76.47, p < .001]. The small magnitude of the differences in response times are in line with the notion that response times mainly reflect target characteristics which here were the same for all primes (cf. . Error rates were not different for the different prime-target combinations.
In the following, we analyzed all prime-target combinations separately to investigate whether all priming effects were significant and whether all were increasing with SOA. In response times that was the case for all but one combination [all F C (1, 7) > 8.32, p < .024; all F CÂS (2, 14) > 14.72, p < .001]: only the priming effect for ladder primes and continuous targets [F C (1, 7) = 7.77, p = .027] failed to increase with SOA [F CÂS (2, 14) = 3.34, p = .066]. This pattern of results was reflected in the error rates. All prime-target combination produced priming effects [all F C (1, 7) > 5.65, p < .050] and those combinations with snake and texture primes increased with SOA [all F CÂS (2, 14) > 6.20, p < .013]. However, priming effects failed to increase with SOA for ladder primes and targets [F CÂS (2, 14) = 3.38, p = .064] and for ladder primes and continuous line targets [F CÂS (2, 14) = 0.48, p = .582].
In sum, these results point to rapid visuomotor processing of snakes, ladders, and textures. However, the processing dynamics are clearly different for the different primes, with ladders showing the weakest effects. This is most pronounced in the combination with continuous line targets. Priming effects in this combination should only be obtained when the visual system is able to read out the orientation of the diagonal in the prime in an abstract, non-stimulus-specific, manner. Here, snake primes produced the strongest priming effects, while priming effects for ladder primes failed to increase with SOA.
Target identification task: response time distributions
Our results imply that all primes were analyzed quickly enough to affect speeded motor responses. To study their processing in more detail, we analyzed the individual response time functions. These are obtained by sorting raw response times, separately for each participant and condition (defined by the levels of consistency and SOA within each prime-target combination), and then calculating mean response times for 10%-bins ranging from 0% to 100% (note that the last bin is excluded because it is most likely to be distorted by outliers). By calculating the difference between response times in consistent and inconsistent conditions per decile, the priming effect can be looked at as a function of response time and SOA (Fig. 3) .
Most importantly, in the framework of the rapid-chase theory, prime processing would be in accordance with a simple feedforward system when the priming effects would be fully present in the fastest responses, that is, would not further increase in slower responses.
For statistical analysis, the net priming effects in response time deciles 1-9 were again analyzed separately for those combinations with primes and targets from the same stimulus class and those with continuous line targets, with factors of prime-target combination (PT), prime-target SOA (S) and decile (D). We will only report interactions involving decile, that is, modulations of the priming effects by response time.
For primes and targets from the same stimulus class, priming effects were modulated by response time [F D (8, 56 (Cousineau, 2005) . The different panels display the different prime-target combinations, with primes and targets of the same stimulus class in the upper panels, and with snake, ladder, and texture primes with continuous line targets in the lower panels. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) Nagel, 2006; Vath & Schmidt, 2007) . In contrast, the processing of ladders and textures was not consistent with rapid-chase processing, as attested by increasing priming effects in slower responses (although meeting the criterion of increasing priming effects with SOA for textures; cf. Schmidt & Schmidt, 2014) . For continuous line targets, the results were very similar. Priming effects were modulated by response time alone [F D (8, 56) = 3.06, p = .006] and in interaction with SOA and prime-target combination [F PTÂSÂD (32, 224) = 3.25, p < .001]. Although priming effects of snake primes were reduced, they were still fully present in the fastest responses [F D (8, 56) = 0.72, p = .537; F SÂD (16, 112) = 1.61, p = .143]. Also for texture primes, the priming effects again failed to be fully present in the fastest responses but increased markedly in slower responses for longer SOAs [F D (8, 56) = 3.55, p = .068; F SÂD (16, 112) = 4.92, p = .001]. This is also the case for ladder primes although the analyses failed to be significant because the overall priming effects were too small to reveal further modulations by response time [F D (8, 56) = 1.76, p = .190; F SÂD (16, 112) = 1.33, p = .277]. Indeed, for ladder primes, priming effects were not present at all in the shorter SOAs and the fastest responses, and also the texture primes failed to induce priming effects in the shortest SOA (even in the slowest responses). This pattern of results supports the conclusions from the results for primes and targets from the same stimulus class: the processing of snake primes is consistent with a simple feedforward model, while that of ladder and texture primes is clearly not.
Prime identification task
As in the target identification task, we started by separately analyzing those combinations with primes and targets from the same stimulus class and those with continuous line targets (Fig. 4) .
For primes and targets from the same stimulus class, prime identification performance across consistent and inconsistent trials was between 50-65%, representing a solid masking effect (Fig. 4 , upper panels). There were only small overall differences between prime-target combinations [F PT (2, 14) = 3.93, p = .046]. Identification performance was higher in consistent compared to inconsistent trials [F C (1, 7) = 9.32, p = .018], an effect that was driven by the results for textures and ladders [F CÂPT (2, 14) = 8.56, p = .020].
Performance generally increased with SOA [F S (2, 14) = 12.72, p = .001]. Particularly, this was the case in inconsistent trials while performance decreased with SOA in consistent trials [F CÂS (2, 14) = 21.92, p < .001]. Note that this latter interaction represents a response bias that was also reported in earlier response priming studies. Participants tend to base their responses on subjective flicker so that stronger flicker indicates inconsistent primes and targets. However, flicker increases with SOA and is independent of prime attributes (cf. Schmidt, 2000; . No other effects were significant.
For continuous line targets, the identification performance across consistent and inconsistent trials was between 45% and 70% (Fig. 4 , lower panels) and overall differences between primetarget combinations were much more pronounced [F PT (2, 14) = 19.53, p < .001]. Again, performance was higher in consistent compared to inconsistent trials in textures and ladders [F CÂPT (2, 14) = 12.41, p = .002]. Performance generally increased with SOA [F S (2, 14) = 6.68, p = .009], and again was subject to strong response bias in inconsistent versus consistent trials [F CÂS (2, 14) = 22.33, p < .001] . No other effects were significant.
The difference in overall performance for consistent and inconsistent trials might be a result of another response bias. If masking is strong (as is the case for shorter SOAs and ladders and textures), participants might be biased by the target -resulting in higher performance for consistent and lower performance for inconsistent trials. This bias would level off or even reverse when masking is weaker (as is the case for longer SOAs and snakes). 
General discussion
Feedforward or feedback processing: experimental findings
As predicted, we observed that processing of snake contours was in accordance with a feedforward system (rapid-chase theory) where prime and target signals traverse the visuomotor system in strict sequence, without mixing or overlapping (Schmidt, Niehaus, & Nagel, 2006; Schmidt, Weber, & Schmidt, 2014; Vath & Schmidt, 2007) . In contrast, the processing of ladders and textures was not consistent with rapid-chase processing, as attested by increasing priming effects in slower responses (although textures met the criterion of increasing priming effects with SOA) with targets from the same stimulus class and with continuous line targets.
First, our findings indicate that feedback from these high level areas is not necessary for orientation discrimination of a straight snake contour which confirms earlier findings in brain-damaged patients (Giersch et al., 2000; Vancleef, Wagemans, & Humphreys, 2013) . Note that our findings are not necessarily in contrast with recent literature that emphasizes the essential role of higher visual areas in the processing of snake contours (Altmann, Bülthoff, & Kourtzi, 2003; Chen et al., 2014; Kourtzi et al., 2003; Mijović et al., 2013) . The rapid-chase definition works from the functional relationship between sequential input and sequential output of the entire macroscopic system. Therefore, it does neither preclude rapid local feedback or local recurrent activity (e.g., Bullier, 2004; Sillito, Cudeiro, & Jones, 2006) and leaves room for some feedback processes. 1 Second, with respect to texture segregation, we confirmed earlier experimental findings that gave indications for feedback in texture processing (Romani et al., 2003; Scholte et al., 2008; Vancleef, Wagemans, & Humphreys, 2013) .
Third, the current study confirms that ladder contours are not processed in a purely feedforward way, but require (like textures) more extensive processing. This fact is in line with a proposed conceptual similarity between ladders and textures: in natural images ladders correspond to object regions that are filled with textures, while snakes indicate object borders (Hess, Hayes, & Field, 2003; Ledgeway, Hess, & Geisler, 2005) .
Feedforward or feedback processing: models
Only few models of contour integration can explain both snake and ladder contours (Dakin & Baruch, 2009; May & Hess, 2008; Yen & Finkel, 1998) , but none of them include a feedback loop. This is in contrast to our findings that suggest ladder processing requires a feedback processing stage and that models should account for this to account for ladder contour processing.
Classical models of texture processing, often rely on feedforward pre-attentive filter-rectify-filter mechanisms (Landy & Graham, 2004) or a pre-attentive region-filling mechanism (Caelli, 1985; Jain & Farrokhnia, 1991) . In both classes of models processing evolves in a feedforward way, which does not correspond to our findings.
However, more recent models like Roefsema's incremental grouping theory (e.g., Houtkamp & Roelfsema, 2010; Roelfsema & Houtkamp, 2011 ) include a feedback stage and provide a framework for both contour and texture processing. The theory introduces a classification of grouping principles into base groupings (i.e., neuronal feedforward activation, fast, in parallel) and incremental groupings (i.e., neuronal recurrent activation, slow, Fig. 4 . Results of the prime identification task. Identification performance (% correct) in consistent (red) and inconsistent (blue) trials is displayed as a function of primetarget SOA. Error bars denote the standard error of the mean corrected for between-subjects variance (Cousineau, 2005) . The different panels display the different primetarget combinations, with primes and targets of the same stimulus class in the upper panels, and with snake, ladder, and texture primes with continuous line targets in the lower panels. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 1 Note that also physiological measures have limitations: to our knowledge, there is currently no way to unanimously identify pure feedforward processing (e.g., by mapping complete feedforward pathways). For the time being, our definition of a feedforward process has the advantage of making strong predictions for overt behavior that can be stated in precise mathematical terms (Schmidt, 2014) . capacity-limited). The grouping of collinear elements into snake contours is thought to be a base grouping process (e.g., Roelfsema, Lamme, & Spekreijse, 2000) and our current findings are well in accordance with this claim. In contrast, we assume that the grouping of ladder contours and textures are incremental grouping processes. These classes of groupings are not relying on specialized multi-feature detectors but on time-consuming combination of feedforward information through recurrent processing.
3.3. Differences in processing speed and detection performance: experimental findings
With primes and targets from the same stimulus class, faster response times and lower error rates for snakes compared to ladders reflect previous findings of higher sensitivity for snakes and longer processing time in high level shape encoding of ladders compared to snakes (e.g., Bellacosa Marotti, Pavan, & Casco, 2012; Field, Hayes, & Hess, 1993; May & Hess, 2008; . Also, distinct processing mechanisms for textures and (snake) contours have been postulated before (e.g., Dakin & Baruch, 2009; Gheorghiu & Kingdom, 2012) . However, to our knowledge, our study is the first to directly compare processing speed of snake contours, ladder contours and textures.
When snake, ladder, and texture primes were combined with continuous line targets, response times were more similar for different primes and error rates were even the same. In contrast, the priming effects in response times and error rates were again most pronounced for snakes. This time, they were also larger than those for textures, followed by the priming effects for ladders with the smallest magnitude. Finally, in the prime identification task participants were better at identifying masked snakes compared to textures and ladders.
In sum, all tasks, prime and target identification with both types of target (same stimulus class or continuous line) indicate faster processing and improved detection of snakes, followed by textures and ladders. Interestingly, the most pronounced difference did not arise between contour integration and texture segregation but between the processing of snakes and ladders -with processing of textures somewhere in between. These observations provide support for the similarity between ladders and textures with ladder contours being only a part of an objects region that is filled with texture (Hess, Hayes, & Field, 2003; Ledgeway, Hess, & Geisler, 2005) . In this view, slower processing of ladder contours that consist of fewer elements than textures, can be expected. This is also supported by the magnitude of priming effects in response times and error rates that were most pronounced for snakes and textures, and of the smallest magnitude for ladders.
Limitations
We are confident that our results reflect the upper boundary of performance for contour integration and texture segregation in response priming since our task characteristics (constant stimulus position and same task-relevant feature) allowed for optimal performance in an easy task. As a consequence, we consider it unlikely that experimental conditions can be found in which ladder contours or texture segregation are in accordance with rapid-chase processing. However, this also implies that our conclusions cannot necessarily be generalized to curved contours and closed contours which are a substantial part of the stimuli used in other studies and to texture detection of a uniform texture region with no clear border. Scholte et al. (2008) showed that detection, in contrast to segregation, can be purely feedforward.
Conclusions
Within a response priming paradigm we observed evidence for feedforward rapid chase processing of snake contours. In the same paradigm and with equivalent stimuli, we did not observe feedforward processing of ladder contours and texture segregation.
